Abstract. Manor parks established on oak-hornbeam habitat (Tilio-Carpinetum) are very characteristic elements of agricultural landscapes in Poland. In light of the loss of old growth oak-hornbeam forests because of deforestations, these habitats have the potential to become refuges. Thus, the aim of the study was to determine the influence of surroundings landscape structure on the development of the plant species composition on the herb layer in selected manor parks in the southern part of Poland. The study was conducted in 60 manor parks located in southern Poland characterized by differences in land use of the surroundings. Manor parks located close to forest were characterized by higher numbers of forest plant species in the herb layer. Both the percentage share of the Tilio-Carpinetum species and the percentage share of ancient forest species were increased in parks adjacent to forests. However, forest size seems to be of minor importance. Indicator plant species for manor parks adjacent to villages as well as indicator species for parks nearby forests could be identified. The results of the study are important for landscape planners and landscape ecologists in order to formulate directions of shaping and management of rural landscapes including manor parks.
Introduction
The impact of anthropogenic and natural factors is important for shaping the species composition of the forest herbaceous layer (Verheyen et al., 2003; Hale et al., 2006; Verheyen et al., 2012; Hofmeister et al., 2013) . The diversity of the forest herb layer constitutes the largest fraction of the total plant diversity in deciduous forests (Gilliam, 2007; Alberdi et al., 2010) . The distribution of forest species in human-dominated forests and agroforests varies as a function of the species traits that are vulnerable to disturbance and fragmentation (Carreneo-Rocabado et al., 2012). Characteristics of a habitat patch and its surrounding matrix and the degree of fragmentation are important determinants of plant species composition (Honnay et Herbaceous plants are very dynamic so they are suitable indicators of changes of habitats in short time (Alberdi et al., 2010; Del Vecchio et al., 2016) . Among them, a special role can be attached to ancient forest plant species. Ancient forest plant species are plants that are characteristic of ancient woodlands (older than 200 years) and old woodlands (200-100 years old) according to Wulf (2003) . The list of ancient forests indicator species for Central and Western Europe was proposed by Hermy et al. (1999) . Then, for Polish conditions it was complemented by Dzwonko and Loster (2001) . In this context the role of the forest islands in the agricultural landscape was determined as the places of forest flora refuges (Wojcik, 1991 Webb and Goodenough, 2018) . The degree of naturalness of forests is one of the attributes for the assessment of the ecological stability of forests (Macků, 2012) .
Many of the vascular species that grow in these forests have slow dispersal mechanisms and/or rely heavily upon the forest structure for survival (Webb and Goodenough, 2018) . Secondary forests located close to an ancient forest are often distinguished by a high abundance of "ancient forest species" (Brunet and von Oheimb, 1998; Hermy and Verheyen, 2007) , despite colonization by "ancient forest species" ) demands a lot of time (e.g. Dupouey et al., 2002) . Mixed-oakhornbeam forests are one of the potentially dominant forest vegetations in Eastern Europe (Matuszkiewicz et al., 2013) . Mixed forests provide with habitat for a rich biodiversity and their decline in abundance has endangered a large number of species (Berg et al., 1994) . The herbaceous understory plays a key role during restoration of the biodiversity of forest plantations (Gilliam, 2007) . Agricultural landscape fragmentation in central Europe has resulted in decreased species richness in the forest herbaceous layer Mortelliti et al., 2010) . Deforestation and forest management have resulted in a negligible share of the oak-hornbeam forests in the total forest area in Poland (Matuszkiewicz et al., 2013) . Manor parks are an essential part of the Polish countryside. Most of the manor parks were established on oak-hornbeam habitat (TilioCarpinetum), and they were abandoned and uncultivated after World War II (FornalPieniak and Wysocki, 2009b). In light of the loss of old growth oak-hornbeam forests because of deforestations, manor park habitats have the potential to become refuges (Glendell and Vaughan, 2002; Jonsell, 2012; Liira et al., 2012) . Forest plants of oakhornbeam forest (Tilio-Carpinetum) are very important for keeping the biodiversity of rural landscapes.
Therefore, it is important to analyze the impact of the surroundings forest landscape structure on the flora of the manor parks. However, studies dealing with the effects of the surroundings landscape structure on the development of the composition of plant species in herbaceous layer in manor parks in Poland are rare (Lirra et al., 2008; FornalPieniak and Wysocki, 2009a) .
The aim of the study was to determine the influence of surroundings landscape structure on the development of the species composition of the herbaceous layer in four types of manor parks differing with respect to their surrounding in the Sandomierska Basin Region in Poland. It was tested, (1) whether the neighborhood of a forest influences the species composition and frequency of forest species in the herbaceous layer of manor parks, and (2) if there are existing characteristic / diagnostic species for different types of manor parks depending on the surroundings landscape structures. Since many forest species are sensitive to habitat fragmentation (Brunet et al., 2011 ), a special focus was set on forest plants from Tilio-Carpinetum as well as ancient forest plants.
Materials and Methods

Study area and field methods
The study was carried out in the area of the Sandomierz Basin (Fig. 1) . 166 manor parks of the landscape style registered as historical monuments are located in this area. According to geobotanical division (Lencerewicz and Kondracki, 1959) the Sandomierz Basin belongs to the South Uplands area with a surface of about 14.5 thousand km 2 . It is situated between the Carpathian foothills, Miechów Upland, Sandomierz Upland and Roztocze and is a foreground of Carpathians (Starkel, 1999 The manor parks were subjected to the following evaluation criteria: the same type of habitat, size of afforestrated areas, and landscape structures in the surrounding (size of the forests, fields, villages). Based on these criteria, 60 Sandomierz Basin with 3 to 5 ha of afforestrated areas were selected for the study (Fig.  1 ). All these manor parks were established on oak-hornbeam habitat. Based on their specific localization the study objects were divided into four types of manor parks: 15 parks adjacent to big forests (L1), 15 parks adjacent to small forests (L2), 15 parks surrounded by fields (P), and 15 parks adjacent to villages (W). The surrounding forests were growing on the same oak-hornbeam habitats as the manor parks. As big forests (L1) those with a size of 15 to 20 ha were defined and small forests (L2) had a size range from 2 to 4 ha. The studied parks surrounded by fields were located in a distance of at least 2 km from the nearest villages.
In the herbaceous layer of each manor park 10 phytosociological records using the Braun-Blanquet method (1951) were carried out during the spring and summer time in the years 2016-2017. Syntaxonomic division was made according to Matuszkiewicz (2008) and plant species were named according to Mirek et. al. (1995) . Existing plant species were grouped according to naturalness of vegetation (Keddy, 2016) . The degree of naturalness is often assessed by the similarity of a biocoenosis to the presumed natural state before it was affected by man (Reif and Walentowski, 2008) . We distinguished according to Matuszkiewicz (2008) between plants of natural (forest plants), seminatural (meadows, pasture plants), and synantropical (segetal and ruderal plants) vegetation as well as companion species.
Statistical methods
In order to determine the influence of the surroundings on the species composition in the manor parks, it was first compared the share of the distinguished species groups based on the criteria of naturalness of vegetation (Keddy, 2016) between the four types of parks. It was calculated the percentage of species of the relevant groups on the whole species number for each plot (phytosociological record). The resulting values were averaged for each park type.
Next, it was studied a more detailed impact on the forest species in order to determine the degree of long term continuity of the habitat. For that purpose the influence of the park's neighborhood on two parameters was analyzed: the percentage share of Tilio-Carpinetum class species and the percentage share of ancient forest species on the whole number of species in the individual phytosociological records. The average share of both parameters and the significance of their differences for parks and park types was studied by two identical analyses, using a Generalized Linear Model with two categorical factors in a nested design. The main factor was park surrounding type (four types) and the nested factor was park (60 parks, 15 for each type). Each single record was a repetition (10 per each park). Because share of species (dependent variable) is a typical ratio variable (varying between 0 and 1) the beta distribution was chosen as model distribution and as a link function identity was selected (Song and Tan, 2000) . Based on the adopted model, it is possible to assess not only the differences in the average share of forest species depending on the character of the park's neighborhood, but also to determine the magnitude of this difference to the variability between individual parks (of the same type). The statistical analyses were carried out using STATISTICA v. 10.5.
In order to detect characteristic / diagnostic species whose presence or absence depends on the forms of land use in the surrounding of the parks, the Classification And Regression Trees (CART) method was used (Breiman et al., 1984 classification algorithm of CART. As independent variable the abundances of each species denominated in Braun-Blanquet scale were used. Single phytosociological records were used as repetitions, without considering their origin from a specific park, but considering their origin from a given group of parks. Since the abundances were encoded as categorical variables, it was possible to evaluate the quality of the analysis. Splits consistent with an abundance gradient, i.e. lower values for one side compared to the other one, should be interpreted as real effect, whereas those with mixed low and high values for both sides should be interpreted as errors. Additionally, it was analyzed the secondary splits (near optimal variables) in order to detect all diagnostic species. Finally, it was checked the allocation of the records to the end nodes of the CART tree in order to discover any regularities. It especially focused on records causing inhomogeneities in the end nodes.
The CART analysis were carried out using R 3.4.1 (R Development Core Team, 2013) with rpart and rpart.plot libraries.
Results
In the herb layer of parks adjacent to the forest (L1 and L2 types) the forest species (natural vegetation) distinctly dominated, constituting approximately 85% of all species supplemented with associated companion species (Fig. 2) . Other species representing seminatural and synantropical vegetation occurred only occasionally. In parks neighboring with villages or surrounded only by crop fields, an increase share of species which are no indicators of long term continuity of the habitat was noticeable, i.e. species representing synantropical and seminatural vegetation, which represented 20% and 10% of the species composition in village-adjacent parks (W) and 21% and 9% of the species composition in field-adjacent parks (P) respectively. The mean share of Tilio-Carpinetum species differed significantly (p<0.001) by type of park neighborhood (Fig. 3, Table 1 ). In forest-adjacent parks it reached 78% (L1) and 75% (L2) but in village-adjacent parks only 50% and in field-adjacent parks 47%. The mean share of Tilio-Carpinetum species for single parks varied (p<0.001). However, for both types of forest-adjacent parks it fluctuated between 60% and 90 % and for parks of type W and P between 40% and 60%. The share of ancient forest species showed a pattern similar to the shares of the TilioCarpinetum species (Fig. 4, Table 2 ). It was also significantly (p<0.001) higher for forest-adjacent parks (63% for L1 and 70% for L2) than others (38% for W and P). Two of the first splits of the CART analysis (Fig. 5) divided most of the records into more or less homogenous groups. An almost homogenous group containing 93 (out of 150) records from parks adjacent to villages (type W) with a small infusion of other types was extracted by the first node. The division criterion was the presence of Oxalis fontana (common yellow woodsorrel). The near optimal variables were the presence of Geranium sylvaticum (wood cranesbill), Convolvulus arvensis (field bindweed), and Chelidonium majus (greater celendine) and the absence of Melica nutans (mountain melick). The power of the alternative variables was not distinctly lower than that of the main variable. The second node was split on two descendants. The left (node 4) contained most of records from parks adjacent to forests (type L1 and L2), and the right (node 5) encompassed almost all records from parks surrounded only by agricultural land (type P). The left node (node 4) was distinguished by the presence of Melica nutans. The alternative criteria were the absence of Geranium sylvaticum, Allium ursinum (buckrams), Chelidonium majus and Lysimachia nummularia (moneywort). Practically, after the two first splits we obtained three groupings of nodes that correctly classified most of the records, but nodes 4 and 5 were not homogenous. The further splits represented purging efforts. Twenty-five type W parks were separated from node 4 based on the presence of Convolvulus arvensis, a higher abundance of Urtica dioica (common nettle) (more than 1 on the Braun-Blanquet scale) and a lower abundance of Lathyrus vernus (spring vetchling) as criteria. The CART analysis treated all records separately, but after the analysis, we checked the association between individual parks. We looked for patterns between records of type L1 and L2 from nodes 3 and 5 and between records of type P and W from node 4. Moreover, it was checked the association of records of type L1 and L2 with nodes 11, 14 and 15. In most cases, misclassification concerned single records from different parks, which could be considered as elements of statistical noise. Only two forest parks (L1, numbers 22 and 23) showed some distinctness. Most of the records were classified with W (in node 3) and P (in node 5) types.
Discussion
The study confirmed that the surroundings landscape structure influences the species composition and frequency of forest species in the herbaceous layer of manor parks (research question 1). Both the percentage share of Tilio-Carpinetum species and the percentage share of ancient forest species were increased in parks adjacent to forests. However, forest size seems to be of minor importance. Some species could be identified as characteristics for some of the studied park types (research question 2 The results are in agreement with other studies, which show that different management and human activities modify the species composition (Jamoneau et al., 2011) , also in manor parks. Studies have shown that rural areas surrounding the parks, such as fields and built-up areas, have an impact on the appearance of non-forest plant species. Changes in habitat conditions have a strong impact on the occurrence of many ruderal plant species (Gawenda-Kempczyńska et al., 2017 ). An increased number of grasses and synantropical plants was observed in manor parks located nearby fields and village. According to Dzwonko and Gawroński (1994) . According to Erikson (1996) many plants species characteristic for the herb layer of old forests have the ability to adapt to the new fragmented small and isolated forests in the agricultural landscape. However, the minimum size of forest islands in order to retain optimum conditions for forest species is an open question. Vestal and Heermans (1945) mention that the forest patches of an area of 1.6 ha and over retain forest plant species, but according to Levenson (1981) Graae and Oakland, 2004) . Some of the studied manor parks in the Sandomierz Basin area are adjacent to big forests, which might allow for a higher chance of the migration of forest plants into the parks. However, in this study we did not detect a clear influence of the size of the neighboring forests.
Size and management of the respective manor park is also of importance. A higher frequency and diversity of oak-hornbeam species in forests was observed in manor parks with a minimum area of 5 hectares (Fornal-Pieniak and Ollik, 2013). Studies by Fornal-Pieniak and Wysocki (2009a,b) on the vegetation of manor parks (2003-2007 and 2011-2012) allowed to confirm that mowing and the size of the forested timberland have an influence on the formation of the species composition of parks' undergrowth. In our study we observed a higher number of forest plants and ancient plants in manor parks, which were adjacent to forests. However, we analyzed only manor parks with afforestrated parts up to 5 ha. We can suppose that bigger afforestrated parts of manor parks could keep higher numbers of ancient and forest plant species. Yet, this is only an hypothesis which has to be verified by future research.
Another important factor affecting the number of forest species in the forest patches is their distance from forests with the same type of forest community (Dzwonko and Loster, 1988; Baker et al., 2013; Naaf and Kolk, 2015) . Forest ecosystem fragmentation and habitat loss change spatial landscape features; consequently, fragmented and isolated habitats may vary more in terms of species composition than more connected habitats. The existence of forests adjacent to our studied manor parks facilitate the http://www. colonization of forests plants in these objects. In the agricultural landscape many forest species can survive only due to the presence of small residues of formerly large forest complexes, because they are quite vulnerable to anthropogenic pressure caused by humans (Wójcik, 1991; Anderson et al., 2007) . Many of the vascular species that grow in these forests have slow dispersal mechanisms and/or rely heavily upon the forest structure for survival. Protection of these forest settings is essential for keeping biodiversity of rural environments (Webb and Goodenough, 2018) . Forest communities have a vertical structure which determines ecological conditions specific to each type of forest for plant species in the herbaceous layer. The CART analysis detected Oxalis fontana as the indicator plant species in parks adjacent to villages, where it was observed as a component of human activities or in their immediate surroundings. Alien species are indicators in a given area whose presence is due to human pressure, regardless of whether these activities are intentional or unintentional (Pysek et al., 2004) . Oxalis fontana is an alien species which is classified as an agriophyte. Agriophytes are neophytes that penetrate natural habitats (Zając at el., 1998). According to Dajdak and Wuczyński (2008) , Rzymowska and Skrajna (2015) and Kolářová et al. (2017) Oxalis fontana was found more frequently in cultivated fields (segetal habitats). In our study, Oxalis fontana occurred in manor parks adjacent to villages but also in two parks adjacent to forest (L1 numbers 22 and 23). However, these two parks were located near to small forests (approximately 3 ha) with high anthropogenic pressure. As source of the anthropogenic pressure the respective village located behind the forest, as seen from the park, may be assumed. Many footpaths were discovered, which were caused by local people crossing the forest when walking to the village. Therefore, Oxalis fontana was very common in two types of manor parks (W, P). According to Chmura (2004) and Kolářová et al. (2017) Oxalis fontana mostly occurs close to roads, footpaths and forest margins. Other indicators of anthropogenic pressure in our study were Geranium sylvaticum, Convolvulus arvensis, Chelidonium majus and Lysimachia nummularia.
Parks which are adjacent to forests were characterized by a higher share of forest and ancient plant species than the other manor parks. The CART method identified Melica nutans as indicator species for manor parks adjacent to forests (L1, L2). According to Zielewicz and Kozłowski (2011) the stand structure constitutes important ecological factors, especially the amount of light reaching to the bottom of the forest determines the changing participation of grass species. Grass species need large amounts of solar energy for initiation of their development. At the beginning of spring a higher proportion of coverage with grasses was observed, followed by a decrease with increasing density of tree canopies. Such conditions allow the occurrence of Melica nutans in the forests (Slezák et al., 2011) . In our study we did not analyze the light factor and density of tree canopies in the manor parks, but it can be assumed that proper ecological conditions allowed the growing of Melica nutans in their herbaceous layer. Another species associated with forest in our study was Lathyrus vernus. Distinguishing the species composition of parks adjacent to larger (L1) and smaller (L2) forest was impossible. The splits after node 6 (group of most of L1 and L2 records) reflected the character of the park habitat (humidity or fertility) rather than the type of surroundings. Thus, it can be assumed that some species (e.g. Melica nutans) require natural forests in the surroundings and do not survive in isolated manor parks.
The results indicated that manor parks are important as "forest islands" in the agriculture landscape, because they contain ancient and forest plant species typical for http://www.aloki. Tilio-Carpinetum habitats. Because of their values, manor parks should be considered as important refuges in the ecological structure of the Sandomierz Basin. To formulate directions of shaping and management of rural landscapes including manor parks is a challenging task for landscape planners and landscape ecologists. In this context it is also recommended to monitor the impact of land-use practices, which are of particular importance with regard to biodiversity hotspots (Braun and Koch, 2016; Alphan, 2017) as Tilio-Carpinetum forests and manor parks.
Conclusions
Manor parks constitute a suitable habitat for survival of many forest species characteristic for oak-hornbeam forests and therefore are important ecological islands in the rural landscape. The surrounding of the parks decides to a large extent about the herb layer composition. Isolated parks are settled by a distinct lower number of forest species and numerous synantropical species. Some species (Melica nutans) cannot survive in isolated parks and occur only in those close to natural forest. However, forest size seems to be of minor importance. The results of the study are important for landscape planners and landscape ecologists in order to formulate directions of shaping and management of rural landscapes including manor parks.
